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.lie current cl*veley»m^ of nuclear powered aircraft in /ol res 
stfvij jrcblcns vfoich arc ralativuly uni*i)ortiint in the deoi.yj of lar^c. 
pezi incsr !y loeeved reactors, One of these protlcaac is t. .o design of 
shicldii'^' errrsa. c*T«Rts which will ratcxdally reduce tix. wei^i/t of i;2C 
chicle -r.d yet cu'ficr.cntl” rotect tho crow, One possibility is tro use 
of a aliarxmt shield between 1 ‘k, rescuer ana. lac crev; caexxM*tnont. Another* 
is a split shield where the shielding placod nert to tiie reactor retraces 
the i* .Cation to soac degree end nd.itional oldcldin^ placed around the 
crew ccs.5\art»»nt reduces the radifc^ion within the cm~artnent to per- 
rrlcrlt le levels. 



:ith c dcldiiv, error.' cr.-n s of tlacse or si -.liar Ijjjmjc acre of t’« 
ivactor->roanciu neutron aal rtf ia lion will e svelte rod by the 

rtructure of tlx aiioroft, ,o d iji tlx nriald properly* the mount of 
tide scat u: rod radiation cirUrs u*o crew ccs^arvamt met be found. 
This c-n ...iiher be done by rati k: leal or direct ManmKt ncif*#**, 
CaiSiucrin : JLc. c. i,;la structure. ahet an rdrplanc- ix-cewsarily hes, the 
lat or j : duod alloying a node! ov the airplane is y ratably the note 
fc a.' le way. 

thus* the relation®. ,i} cvv > hi- scauxring by V a i <xl*l ra the 
full-ocalc structure mast be. laiaui, This rclr. ; ioneidp vitk a clxpllticd 
clroture wa the object of tfs invest!; ;n lion. 
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ii. aesim op ilu rA'iinx 



tlo investic&iiana on the subject of sirdMtRxlc considerations in 
the cento ring of neutron# rad '..cr- :a rays by structural material were 
foran in the literature. , loucv<. r 3 Many studi.ee related to this subject 
a*© available. 

Glasgow (1) investigated h,\c scat taring of neutrons Iran the walls 
cut! air of a laboratory by oaqocx:ding fron the center of the ceiling a 
source and detector at various distance® eboio the floor of a cubic 



roo • '.!iO expressions .;s used for ealmilailng the cspccted scattering 
were for an infinite air rxdiiaa and for the flux of scattered neutrons 



rcturnin to a source when iho source is add&ray between t \k> non-c^tcrlnu 
oori-i.ifinitc iedi&, hc.no the walls. 

Plcsoet ( 2 ) developed id rr raise for the intensity of gsrsra rays 
scattered by air* fron a source to a receiver but restricted nic analysis 
to siA lc mattering, de Race sinilar calculations for the intensity of 
ne* irons singly sealtered by sir fren a s outgo to a receiver. Hi also 
developed apprcednctc expres lore for the reflection of ; aara ray a cad 



neutrons fron a oaci-jjiflnitc slab. 

As a continuation of tlilo, • lessot and o titers (3) iHrat rated by 
exact calculations tuc jeocietiicsi effects of tlsc else of a shadow shield 
rad a source on the intensity of gama rays scattered into a. receiver. 

The ;i»r.r.a ray baclajcatteri!^ -fron various r.atcrials was investigated 
a*. crfnenwally ami <ycallta ively by Mine and I -cCall (It) • Ihc ex erircnial 
procedure involved placin,, a .^oint source on or having it suspended over 
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the horizontally placed eca~b> rib" naicricl with a I!aI(Tl) cr„-3taX 
detector placed fwtieally above t,*., source* The rcculwS ito.'C plotted 
to chow tat rei^ticiaihip befeeon the scattered sc»a raj's and the 
eaergy oi‘ the priamtrp £*mm anile fcien for the various peoweiriea used* 
Plcecot and Cohen (5) presented, formulas fox- iho calculation of 
the differential cross section df/cU for J u.o ccattcrin;; of raj's 

into an olecxex'tt of solid sexie and cavo a t f-aph of c<r/d-A. versus lias 



anylo of scatter* Also, the development of an expression fox- the 



internally of the x*ad3 avion at 



a point in an infinite ncd’imt due 



to the direct rodie.tioa and scattered radiation was yiven. 

All of these ire eciiyrtio.is were rxacle with point receivers and 
liith iiv.it can be covidcracl iisfirdte or oori-iufiaito ccatferir- * 
media* In the problem invest!; '•ted in this thesis doles tox-s of finite 



ciae its rc used as the recoivere end t!dn cylindrical shells verc used 
as the scattox-in, ■; nacliun, thus, tint- so related investigations could b© 
u*od only as xtwfcrenoae and occasional ^Idcs* 



XXX. SCCi’A d linttisliuAiXOB 



rho scattering of nculrowa end jaamc. rays by thin cyl±ndj* ? ccl 
shells was investigated analytically ana cxi attest was raacle to verify 
these raaalus ty ccpcrlnental cecao* The analytical itw»Gi.igatSc*i vm 
node for point sources of radiation and finite also detector*., with the 
source positional vex'ticelly below the center of the detector aid with 
the center line of the detect- r coincident with the- center line of the 
cylindrical die 11. 

l:q>crincirta.'lly, the scattering of ijeutrons and gama rays by 22|S! 
end Alclcd 21*5? alusdiren alloy cylindrical sliellc was investigated. 
Uowevcr* lha ccsperiEKntal results were o /crahadouod by tiio relatively 
large statistical deviate. one thj.f were introduced 'Am. correcting the 
e:r->crL*xntal readings for trie scattering of the radiation ! y the air 
rad. trie roan. 

/.ttorpto to reduce this crtirraieous acatwariag to an acceptable 
level were unsuccessful. Thus, Uie o»xrinentsl results with tire ex- 
ception of a few of the ^ex rn ra; roadings neither proved or disproved 
the analytic cl findings. The few exceptions noted only tended tos aid 
suyucri of tljc analytical results and no positive conclusions could be 
drawn. 
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IV. 



'^uTil uM. AilAISoId 



A» Aasuaptioui 



The theoretical, anal^-sio of this problem concerning slMlituio in 
neutron and grr swa 2^ ocattcria would have teen extra .cly canpllcated. 
tr tbcut certain ctoplifyin assw^rtions, Tha*e inclidcc tias I ollowin.., . 

It its as upe. that the sources of radiation were point sources 
and that the neutrons or ju..: a r-ys wore aJttod isotropically, T.ds is 
a valid 4MWuaqptiG*i for vavj snr.U finite sources. If the finite source 
cannot be considered very s ell, but is 3 tiH snail coqparo d to the sisc 
of the rcauoeri.np paterial* it c «n be approximated l>y a aeries of point 



Govrceo. 



Any scattering, or absorption of neutrons or attenuation of errz t 
rays b; the a:' r mo asouneu to be neJLi w i.blc* last thi* is a valid 
asstr/tion for neutrons follows fron toe mcnitudo of the probability 



that a neutral will be scattered or absorbed in air. "ho probability 
that icutrot vill penetrate too air 02’ otr.-vr ■ at trial a distance x 
without be ' ) > scattered or absorbed is e where is tae mercscopic 
cross section lor toe event in question* 

1 -or a substance conooed of -ore than one element £ is calculated 



by usi.n ; toe forwula 




<r <r 

Z \ 



(i) 
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viioro (3 is the density o the oulctcr.ee 

li is Avopadro f s nusber 

£ is the weight frsetien of tuc tin elcnent 
of the cubstence 

cT io the ricroceoyic cross see cion of tho 1th 
elesasni fer tho event in question 
A. is the ctcri.c weight of the ita element, 

for ail* at o-sixlard condition©. If o value of -2T (scattering croco 

3 - -1 

section) as calculated with tide equation 13 x K) ca* and the 

value of 27^ (absorption crass section) is 7,2 x ID c* •** * 

The raacintst neutron path length fror the source to the detector 
in t'ds «.:peri»ent ucs c.^roxira tely C$ cn, Thus, the probability 
tliat a neutron ■soul" be scat here-.. by the air lit this eaperimnt vac 
about 0,03 for the mmtmm dis^arco aid considerably less ti:n\ tide for 
tho rdxdrsur distance, VLe orobability tte .. a ncutz-on vroul-i lx) absorbed 
use apprcodnatcly 0,00 5 for 'Ur anirron distance, ihesc probabilities 
are for txmxL nc utrens • As t„ ; e neutron energy inc leaner. remains 

about constant end ^ is reduced considerably, so the absorption 
probability vdll be less teen 0,005 for higher energy neutrons. 

That the at tenuation of gscsr:* rtys ty air is very snail cm be 
•MR by acvlyiry, the factor c"/*' r den is t o probability tha«, a tv u,na 
raj till penetrate a dicUr.ee x into a ROtiiuw uithout being involved in 
any re action that contribute a to lie uiienueti on . .he total absorption 
•sefficisst yj is the pen «£ tot absorption coefficients ho r photo- 
electric effect, Cc«r -'ten ccatwcrin;., and pair production, lor dr, /l 



varies between apprccdraioly 1 x 10 cn* for 0*9 !fcv fyaana rays 

j, 

and Q.uO x 10 am* “ for h Wev jLsnRa rays (.’■') • ihcrcforc, tl» 
probability that a &aam. raj “witaiin tide energy ranjjc could be 
attenuated by the cir Ml about G*0Q6> to 0*0026 for t he mo&mm dis- 
tance involved in this crpcr&ncnt« 

Another csomption used concerned tho nwaber of scaite ring 
collisions undercone by each neutron in tho 2l£ r f alirdrmn cr Alclad 
2!i3V aluadnws cylindrical shells* It use acctriod that each neutron 
that • e* scattered was involved in only one •cattorine collision* A 
consideration of tho awn free path for neutron scattering A in 21{S? 

£3 

aluainusa alloy or Alclad 2hS7. alimntan alloy snows tiiat bids e^svaption 
is valid* 'Skt mmi Swam path is squfcl to 1/ «2 l , Sepatian (1) 

vest ervUlvatcd lo find Z . 

o 

Tim density of 2iyTf wrought a&m&mm alloy is 2*77 grass pc:’ 
cu-jic en* *Hi its norainal coo^soeition (O is h* f j per cent copp®-'j 0*6 
per cent miuonocc, 1*5 per cent nacnesiurri, end 93 *U per cent altsrdnun 
■with its rtoroal lafrariiiss* 1 hose nomal ir^vxitics awA the perniso- 
iblc wmxxmm of each aro 0*5 per «>. at iron, 0*9 pc.r cent silicon, 0*1 
per coni sine, snd 0*1 per cent clroRiw. The claeldin rat rial, 
vt&ch la nesai nelly ( J yamc cent of the total t icknecs of sheet O.Oeh 
inch or over in thichneos t&O 10 :*«* cent fox* sheet lose tsan 0.06k 
inch thichneco, has a density of 2*71 grans per cubic en* Its nordnal 
cor i osiiion is 99*3 per cent ri/dnun alurdrun tilth iit^urilies of 0*7 
po * cent mxSxxwi iron pits silicon, 0*1 per* cent r.cxij-an copper, 0,1 
per cent macimaw zinc, end G.Op per cent necclrrazn nan^anese, 

/escorting that tho crount of the iinpuritics present is onc-lialf 



fi 



o A -L» aevtistei, -^ c for tiwwl nouvronc for this alloy is 0.0913 
cn* w& 2T g for the dating to 0*QC>£ cia* • t .us A c , T tocli liho 
X. c rwsfiins cp rcaiixilcly ca a tilt with Increasing neutron energy 3 
is 10*6 cn. for the alloy and 11*76 on. for the eladcia^, . r „- sc valises 

to '.on ca'.rcred xriih the neairuj > c fee live tdlcloi-ooc of f o naterial 
aaisidctiwi in this apcrlncnv, to deb is auout 0*62 cr., shen Ik^st the 



cfis^’tlan of only one collision for e- hi rscuu'ca scatter should not 
have totreducod any prswt error* 

"vi* scattering tras c . cju .* j 0 co be S'lioric.-JLly s t «r-TCwric; 2 todch 
uoui- only fee true if the nasu of i.-e scatterin' nucleus mxa rruch 
larger than the ;:ass of t a neutron* 4 noaouro iim anieovro «y of 
t:ic matron scat verity, is .he aver, ye cosine of the ocwt U-rii y m:;;Ic 
to the laboratory c; uteri* blase tos *. aao. utLund (7# p# 97) to. eve, that 
t!it» cvcrace cosine for mu. rone viw. energies Its- t.rn a f<r,r rev is 
diver, by the equation 



cob y 7 ’ 




tfher© A is the nans mjribcr o'* t no scat crin_- natcrial. ih- mao nur-ibcr 



of 2!# alunixns. alloy* vhice is the oup of the vei^htod os; 



era 



of ti; j constituents* is 2 < Vj9« 1h tmrsbe r of tto clot’ ‘.to cos .-rated 



in a siaUaar matter is 27*10* s, cos to 
fas! 0*02J/> for the cladtfto tilcl .indicator ttot 



0.0231 for the alloy 
the cnisotrcrpy is 



re is ivoly let;. 



toe olo«in * down of fast r-c-o ona to no airs©! csw’rcly to 
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clue vie cccutirin 4 , of <.uo neutrons upon collision with nuclei of the 
zaodcralor, Uxroforo, it ws ensured that all the collisions; in the 
ccutocrin aetcriel ifere elastic* 

ottot:. tout t:ie entire dovc.lcpr.ontj uie absorption croc., section 
wjs ensured to be snail corrp.-i'cx] vlih Uic soettcring crocs socrion* 



Actually, since the absorption croo 3 section for r<ost eleixTKO decreases 



fairly rapidly vita iaci’casirv new. ron energy, 
of little concern in the dcoi. nil* . of side Idle, 



this accxrption \ joule be 
. that react protect 



personnel fre m structurally scat bered neutrons* Any shield that uould 
protect thCEi frees fast neubrowa would be effective a.;ainot slew neutrons* 
iiici'cforo, only calculations for fact neutron ocatvex-isnr uouM bo 
necessary and in tide c nexpy range tbs absorption erase section is, 
with I’M exceptions, wach smllcr tlian tho scattering crosses section* 

If for corse reason the nuatxsr of soft tiered slew; neutrons trust bo 



fcnowi, this con to catinatcd unite accurately by slightly nodlfying tho 
©yurt! on developed for fast non rone* This ? .edification ia fivsn at 
tne end of the tteroloprciii of tho fast neutron ©cattcrin equation* 

T 10 rcea free path for neuoroa scattering A.^ is actually a 
function of energy* If die source of neutrons is not nanoomjrjevlcj 
t’ris introduce* another vasdablo, Hswartr, A_, is practically a con- 
slant for neutron© up to about 0 or 10 Fov oral, therefore, it was 
coountxl that a constant value could bo used for a polyenornotic source 
of mra.ross* 



♦ 
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Six dift’orontdal croco mKstkm. dc/d-n- far wmssmoergctic 
roy sea taring lo a function of Lie mtjlo of mmVzzr&M&* dour/cr, 
calculations ohm; (!?) that tats is practically constant for angles of 
oca. iwrint; treater then hbo*‘t 70 eccroco* In this investigation, tho 
c:iclo of neat xrin._., with £<wr ere options, ms jvecter than this, thus 
a constant vcslce \mm asetmod for d cr /d jx , 



C. i.’evifrcn Oexvltcrinc 



Figure 1 is e. sketch of tlx myoton investigated* The net it ring 
liaL-rial eonprisec a cyliitfrlcel shell of radius r, thickness t, end 
ho?, ht i\ , cnc-cpartcr of which is shown* The counting t*dbe with M 

*4- 

active volume of radius a and hoi ft h^ end the point source ere pos- 
itioned on the center line of tl® cylindrical shell with the center 
line of tits counting take coincident vith that of the shell* The top 
of the active voIurq of th© vertically suspended counting tube is on 
Hm sene Ijoidcontal Icr/el am the ’top edge of the scattering ratcrial* 
The point so tree is located on a liorisont &X lino which is & distance 
K. i’rort the top edge of the scat u ring nnierisl end a distance h from 

3 1 

ti» bottom edge* 

liio equation which give© the number of neutrons that arc singly 
scattered by 12 k cylindrical shell into the countin-; tube vao developed 



as follows* 

The neutz’OR flame 0 which readies the clencnt of volume at P a 
distance r^ iron the source (figure 1) is 
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Figure 1. Geometry of scattering* 
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1 



where q in the source strength la neutrons per second* 

tile effective voluse ala .ant at P normal to the path of a 
radi ally onlttod matron la 



c!7 = r d^jr d & dr 

11 1 



A radially cs&itcd neutron travels a distance dr^ within tills volume 
olenent# To dstcradn® the orobablli ty of a neutron bein t , scattered 
virile traveling ti do distance* the racan free path for aocttcriiic 
A was used* This, the reciprocal of the mcroseopic scattering 
cro s eoetion is the a, erase l istrnee a neutron travel/; between 

xi 

collisions* Thus , the paofcelb&lity hmt a neutron will to scattered 

trills traveling th© distance dr is dr / A oad the nrotwiHty t> 

1 Is 

that tiic neutron vail jc scattered vittiin the volune element is 



r d 6 dr, 41 ^ 
P = 1 1 

h 



iiicrofore, the aaanber of • neutrons n which arc cir^^ly scattered vdthin 
tills volursie elcnent, which is Equation (2) tines p, is 



dn: d ^ dr d * 

h tt a 1 



( 3 ) 
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•ujtnasinp iaotro c and cl-cxe ecalierin , tlx roporilon of t.*. 

coaittxtju. neutrons c x-.t ait' coat acred iowarc a point detector do 
S 

1/t. 77" 3.v t^wr* r n is t. x dis> ace fio* Ux volusc clone., t to tbo 

it Cm 

point i-t<eter. IJouever, r*t.» t;* “oorsotr^ of the problem t.a.t weft 
iinrasli ated hero, the eomtln. i-’xo could rtca be recorded ate a point 
dcicc-or* Insteed, t c ratio of t’.o solid ei\;lo -a- eubt*, aded by ti» 
detector, as vieuea fm the olercj-A of volrne, to tuo total scllu 
anjlc oj a 7T atersdituo lieu io be used* 

This solid w&m can U a bo fewsd by cofwldcrln-, a on’ xrice .1 
fi'tn'aco {coo Figuro 1 ) xrhicx aacucs t-sroapt the cetiter of tlx; top of 
tac coxa .tin*, tube and is jarwrattd ouiu;inc cn arc of radix-o 
c.atorcx at U* voluno ole. lent* x x by seteix;, t:*o prefer limits on 

°c end ^ , the solid x n 1 ft su t 
dci raiu*cU 

• be colic ,i lo _n- a 



_a 
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»t*a« subscripts 1 anti C o: £.'&£■/, respectively, sairdnwt cad mk3jm • 

?fse Units on <K and if .re intc rocponftent in a ratacr cc^vlicatcd 
vr . ' d-.® '-o ILc shape of i .c com An • tide* lo avode t/bs cor, >lication 

.ires a pood sj . ra.i; fiia, of , 

lii . If. a , a set at 



Eqita 



‘lii^so 3i?dw3 on <K ere InCcyC-su^nt of the other sai^Les* thee, 

^„oq (!}) bccorxs upon intc^rav'on enrw <k and substitution of then* 



Units 



y 



o 

t* 



-a 



2 tel 



a 



a 

v 




sin 



*dV 



(S) 



Setting, tho UsqLuj on K ncs not as ei. >le a tael: as it first 
H f y iwr rtU For inateico, if X is ialxn to bo cot *“ r/:i, | xri of Wm 
v&r>cp uctrordtiec of the counting tube mold bo cscelijdotl iron the solid 
— Hglr i On Use crUmr baud, if V is tern to be cot*^ (r-a)/h, the 
colid uvlo would include sor* volt no outside 11* counting tube, llio 

ccnc reasoning would «nply to ^ hen h is less tl*an h • baa h io 

-| £ 

greater Uwn h . a value of cot (h-Ii )/r for o vould not include 
2* 2 2 

all the hot ion surface of the counting tube in the solid angle • As a 
coroucr'icC;, the Units on X were tal:on in teo parts end were set by 
using tie distance r iKirass C 9 rhere d la the neon integrated oatlchord. 
Tide i* found frost the eevAtion 



3 $ 



<1 



>;*a 




Jsua 




a 



tiiu Undue are 



V , z cot ^ 



(all is) 



( 6 ) 



-1 

Jf - cot — 

22. y* - .! 



(h ^ is ) (?) 

2 



y = cot 



-i 



oo 



r+d 



(h*hj 



(C) 



7no cces-rltaBticsi of the boiton of tho detector to the cclid eagle io 
included i>-j waking the cicncsntnator of the latter lir&t rt-d# 

a. co lini<*s a y • c;-\ ' iu r>t oi ¥ 9 fewt rc detw donfe o*. 

5 fc»±*C related through h agr the aquation 



h s Is - r cot 0 

3 



(9) 



Dqaation (3') givac tlse rolM eagle crubtonded bj r the counting tube. 
This divided by tlse total aolici angle 2i 7T sicradicno Is the proportion 
of »cntt red neutron® t!sat nd.ll pass 1..*roU(fh the coasting tube, vvlsrso* 
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The nurib~r of matrons sccttorr..: %£thln tho voIvcjc eleoervt is jivon by 
Equation (3) > thus, this tixjes the aLovr. ratio is t jo niasbcr of neutrons 
n c uicit SiV scattered into the cotiuiiq, tube by the voluo© clertent. So 




the linitc on V" arc sr.ro . 
and (rtt)/cin 6 -shore t is t he 
int natcrisl, Intcgratirij over 



end 2 V~ end the lira.ts on r_ ere r/sin <9 
pc rpcn&icnlar thickness of tho scatter- 
end f and substituting the limits 



give 



n 

n 








sin 



i 



di 



Gin d 



( 10 ) 



Inte^atin . in tliis equation over Y end cuLstitvtin^ tho Units 
(Lquutions (6), (7), and (C)) end then cubstitutdnd for it from Equation 
(9) result in an extremely co. Heated end lenqthly intcjiel of 6 • 

To arrive at c. cinplcr but still a tj ood appraa-oatc egression for n„, 
tho bracket of Equation (10) which is tie integral equation for -a. T .:as 
replaced by the average value of -A. lids average value is found as 
follows • 

equation (r) is intonated and the Unite as siven by ikuationc (6), 
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( i) j mu (l ) cro T ds dvoo 



JX 





(h ^ \) 

c 

( 11 ) 



_a 



2 tea 



>1 c. 
r 




h -h 
2 

‘ 

%) + (r+d) 





(h 




( 12 ) 



The val urn of thvouriiout the -taco of h are found for the 

gum&tvj involved by ncsicnlrt, values to h, cay n^j n^, 

fUso values ran from scro to h ? (Fleur? 1) and arc equally spaced, the 
distance between thoa bcinc; b* ' l 'ocsri the averse mlue of -n. , cay -?L } 
5.c found fran the creation 



_/L 




(13) 



'alucc of -a. for the vwrionw f;eor,.. trice need in thio Investigation cro 
plotted in Figaro 2 * 

Usind tide average value of -A- , legation (ID) ccn be written 

f JLL. <aJL> 

sin 6 



n = ~di 



C tta 



y 



a 



i 



so 
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Figure 2* Average solid angle for various geometries 



19 



From Jlc.iare 1, it is s_ t V..i the lisdv* on 6 are 



6 

1 





v 



6 



r> 

tm 




r 



ro lUj is considered positive if vhe bottom edge of tlje cylindrical 
shell JLc Jjoriaontally &bo % the source cat! neja-ivc if 1 x bottom ed,';c 
is talow t .c source# 

i.'so integration of abaction (l ! i) and siwotitutio n of '«» Unit* 

Circs 




I«cf t. wine to Figure 1, it is evident that h^/r is the trrujeni of tint 

backward csi^le at the course end h n /r is t ,o talent of the forward 

.5 

an^lo* Thus the substitution of 

a \ 

'um r 2 — 

^ T 

tan ^ r ^ 

r 
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ojv. 1 eo® i&vUL on «J tlx. mtural lo, tssm give* 



Q JLJ 
i 

s 



a » — ■* Is 

C TTA 




Van 




+ tan (3 



b 



1 

coo @ 



and 




o' (? 

cor ^ 



t> 

b 



oo that ti* nxnorstor of the 
bo artttaa (1 - oin /coo ^ 
tuicd for bite dcncedmvcar bo 



iv^voml lou in the ehovo aquation coi 

, • A aisCke* expression con be subcid- 
b 



n 



Q ~n. t 



o 



TTA 



D 




~.ic iTirioJ. exp: codon Tor u is round by lathing 



II r 2n 



1 - o-in&,\ / coo ( 3 . 

/ 



COS p y \1 “ C ( 3 f/ 



U5) 



oo tliet 



H 

W 




rrA 



i.J.8 «• uc <-ion c*- v -B the to'%.1 ts.sixr of i»«tyoi» /t ccooskI t-iet 
»j?c singly oc$» : vcyc * by t:j® c 7 ?J»x:i'ical abell into tho coantir^ tube 
volunc* tuen ovalrciirt ; H, it mart Ut n we: hcrod ti*jt is com? acr- 
ed positive if toe oovucua ttl, e of i*st cylindrical shell is l»rl«W(t«12y 
Rbo'.u tiao source «r«l ix. v ,Ativ e if the boi'-cn odflB Is bclo& the source# 
Has«for«) £ ^ axlj c«35ccnait2&> cin (3 ^ ere {jocitivo far the first 
nt stiaicd eo»iitionsj end mfciy-Uve for the latter# 1 plot of fl verras 
@ . for vca&arjo vclves of ^ is 'liven in r^^co 3# 

.’or a po3yraieretl&c musw source, Scfor.«icai (25) cob repinocni 
the ./otol narixr of fact neutrons that cr© cin&ly scattered if V. is 
•Afiiaod as t*K* fact sraovimv.- , *r* second erdttod by the source* A 
po3- r ’ v tilt,) for the :*><! of a r>l\ hi iwc&f lection to tills equation 
arisen .frar th*. feet tisat a aril fraction of the fast mntrono onirLod 
at crser^lofi ^uot a».ovt-. ibomfl ere reduced to tlsersiRl energies upon 
•©23.* dine «ith ilie «ac2oi of the structural mtarAaSU 

f t uxrcy R* of tk.ee nourtrea^ after the collision is ml ,..ted to 
tiau uw :7 S before tiic collision by the fomala (7, p* 12$G) 



f z r 



-.*'+2Moe e ♦ 1 

*“ — — r~ — — 

(i *i) 
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Figure 3« Variation of H with geometry. 
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Figure 3 * Variation of H with geometry. 
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’i.'-j.v A is the nas<j mx&xir c ' 



sect ferine aogi* * 



Since the neutrons of interest here arc teno* 



acc.t~u.ixkL into the the*?**! c.jb*\^ 



* is ?. -*h ’.*o L, io tlie defined 
t t 



rc-jion, tie of , 1 - collision 

icc-dnur. enevgy of therml nsclrom* 



In tills ir.veciiy tion or in setups vith shells of 



saructircl nrt>-.ri.-il, iiio scat «erinj injjl© jias en swrec© volt® of 
aawut 50 decrees. Fc'r ihla oca* crin* ancle and 2b5f alaninun alloy 
'<*) usin^ t fie nxjrc oruaticri, is er;ual to 0*935 B* 'dins, on t*» average. 



t..occ neutrons cnittu.1 by tnc 2 >olycncrcctIc source in t.e crsjryy ruigo 



fwn 3h to 1*0? K, are scat it red into the thermal neutron onsygy 

w e* 

ri 0 ion* For cuaplc, if unerwal neutrons «re defined as those with an 
ones of 0 .25 ev or los , t.ie ijsutrorw vith energies between 0.25 
and 0.263 ev arc •setters#. upon collision into il* thcirial esserny 



region* 



for air -oat til neutron sources, the number of neutrons ax.o-.cd in 
t:do vciv narrow oncru band a-o a ndnute fraction of Vita total neutral* 
critted* .fence, fee* practical nir ones, all neutrons endt, •«<*’. as feet 
(slaw) iwitrans can still bo canbidarcd as ouch after tbej arc cetitered* 
Equation (15) io applicable to fast neutrons, as arc tiro sru) se- 
quent er untie#* , riven in tide secuion, if Q io tiro nunber of fast 



no rens per second or/t.od by tlio source* 



Other nciwus’cjxnto of the ocaticrinr: by the cyldrsaricul shells 



would be the ratio of tSa© ncruti*o, i s scattered into tin count? u tube 

*w> 



to those thaw reac.- tho countiu tub* directly or tiio ratio fc m of the 

T 

total neutrons that rose. the counting tube to those that roceoJ 
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directly. 



flit rrr ^cr of ncutraTu flv . i arrive cdrecvlj is the point source 
etrc?xrU: b tirsoc the xr-tio of the solid aijilfr subtended by the end of 
ts, o w wi Vlat* tube- to fie tdi#& solid m&m U 7T ottraair.ns« fL© 
s^Ho. talkie subtended by the bet .an. of ul jO queries: of iho detector 



aHes m a* Figure 1 is Sg 



C 

-ii . lirdl* on o arc z>.tq and cot h f fa 9 thus 



jx - 



7T 

«*.**M* 

2 




r 

A. 



JsD 



Soil'd 



nn;,lc 4L , cu icidod 

d 



by the bottom of tii* detector is 




f • proportion of t j fouro* 
tuc d tester is ot ,/4 T7" 5 so the 



k utrons udcli arrive directly ct 

a artier n, of source neutron* t.iat 
d 




flic tern in the parent he si* c.ui bo written as 



1 




2S 



’JitTC (ccc ric^'C 1) 



I* * p 

5 




for a/a f , 
the filial 



czd then O W 1« U 1 .,< J 

e-preseion for n . J:ss, 



®g * ^ coi:5 



d' 



(3fi) 



'L'C ccniV i'in£ ratio h v-s ^rcvloitsly defined as s /», (9t;u&l&0«6 

G c a 

(!;') iKi (26)). So 



g = ~~£ttpCJ1~- cos^J 



(17) 



a,iO total ratio II wo ? r' viauoly deflnad ao (n +• n.)/n, which 
t a « d 

or ale (n /n^) + I* uo 



n ,n ti 



(10) 



1‘jwationo (1?) and (11) cas r* allied to the total neutrons fsor. 
a poX*^rgctic source or to Ute fact noutroas £r*n a pol^cwKr^ctlc 
eouro* or a cmomou'cotic Morce* ta sc eolations cui also be spiled 
to iherrr.1 neuirom if the urea- section for a*xoiption is rjog lifiblc 



coc\>ared to t^ic crocs oecticvi for scat Ur 






Jindur air&lsr cirtntn- 
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stanoe*, Equation OS) bu sod provided y is the tin rod neaiU’ons 



per second enitled by the source* 

If tv.c r,'. sorption cross section lo not nojli&iblo co xrou to tut# 
sca-v»crir\, croc > section but is si-ill somewhat Ices tljsn. the soetter- 
in ; cross, section and, if the tfeic’nicos of th c/liulrlcul cholic vacd 
io nrrll corx-roc 1 to thu ; c n *rec path for absorption (witch it mast 
bo for Kqu&tiou (ISO to "'0 vrlif), a gooc first or. reed— alien of the 



ibciml iMnrtresi scatixrii^ cua to cdculatotl cn followo, 

VI® fractal of norrrXLy incident •• torrcl neutrons that ■would be 
nhoorood in tije shell, if l*x oceu xrln w cross section wests ne ; .,liciblc 3 



_ 2 



a‘ 



) *i*ro ^ is tlx j *» cjrcscoo±c abacnjtiaa cross section 

a 



is (1 - e 

and i is the tldelrncos of t' c swell* 3Ms fraction tirjscs lwucti.au 

(IS-') f;ifM a rood first ap rocr! atiosi of the sober n^ of 

“t 

mutrana eca*.tc.rea by the eylanirioel Shell into the countin'., tufc* vol- 
ts*)* Ihws 




- a t 
8 TT A 

S 




os>) 



injections (17) and (It) arc. 



for tils csso. 





(£ 0 ) 








+ 1 



(£ 1 ) 
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■ re n is chrXir»tI by Bcpv'iioR (1C) pi*ovloocl that t; of tfc ©rise lion 
cl*. 

u- 

ic tliO jtuj er of iOTOBl neutrons ,c- second err. tied by the ceuroc. 



C« '’^ar a fay 3cavt«.:i*iic 



the neonotay for casy-.i ra„ sent ucrinj; ic Had corse as that for 

neutron scattering ( inure 1) atsd Ve develop .ait of «i ©» u&tian for 

raneancryctic corn*. rc^ as?.*- .win;; Is cinile.r to the dc;vcl®rrz:rrt of 

t!ic ovation for Jicufcron ecnitorir'*# 

Z~J. JL - .!.**> vLC «^» « <fl tint m at .'cn of the parrci rays occurs in 

the *&JTf the my flwe Kfdo i ic-aohes the clerv-nt o r voluro at 

V a cV5 strrso* r from the aourco is 
X 



0y--~£- 



h TT 



where 13 is tl* sewreo curcnjvli in u ac«x: rays rxr second# 
T;» efface : ve volirse elencut at P Is 



d « r d t r_d & dr 
111 



-he differential croon section d <*" /d-a- for caora ray ecu Lterinj;* 

o 

uJtioh Pas units of per incident phoicn iso.' electron per cn# p«.r 

sicrcdian, lo tile j^roeabiliV tlast a (?*rs re.; v±U Vo oeefcvcrou t rou^h 

an angi® 6 irito the eleafcmi of aoLs aiy3.c centered cfout & • iixis 

crovc section tir .c tie nraaixr of electrons n in a exude <ri# of the 

c 



2i) 



ccaticrlr* nat oriel *' *-s t. <l vofcaac. clownt given ilje profcn.bi3f.tj 
of a plioton being singly scattered iliracgh the extols e into the 
element of solid angle cet.torod about € vhile* ■witl&n the volin® 

t r>* 

Consequently', tho nu. cr o’ »aEr-- ruyo n* sc^ttcqod uldLXc se.ihiri 
the volwa clenent is the xlut ct tl» cleneah iteos tho prc^biliiy of 
scattering vitliin the clencat, or 



m t ~ 1T7 Ta 



<r kJ 6 & ¥ dr 



ju’ic rardber of can?*;. ivyt n t£.ic». are scattered into iise countinc 
tube voluna is the above otuation nultinlisd by the colid ancle suu- 
tendod by the couutdn ; tube m seen fresa th . vein:® doraent* IMS 
solid anglo is j^rnn by Ecpsatlon (';). 7o avoid. -vise difficulties 
identical to those cncountcrtxl in the jKnrtron co&tt&rinc equation 
dovclcrjnosit, the solid angle c-htorsdcd uy the counting taU uao replaced 
by ths awerag© angle « Ituctiane (11), (12) end (13) arc used to 
calculate ft « Values of a. for the nwrlous a> owe trios used in tftis 
invest? action arc plotted in iy.rro 2, 

die rusher of coma rays n u '_ch are scattered into the counting 

sy 

tube- rolvm is found by nultiplyirij; tho above equation by tide ax-rajo 
angle. line. 



tin - %•“* n 0 d 0 ^ dr_ 

Sj 4 77- 0.0. 0 
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ho differ cntial croc.* section d <*-/d -c- v 4s&ch is a ftoCc-ion of 
czscriy m the, eee"-te.rl»._; an 3.0 is cjjpvoJdj uvely cons uati t for scatter- 
i«K angles plater Ussn -bout 7G ds^roes* In this invte..i w '-tion and 
in sin*3»r setups vith ocaltsarinc nat rial shells, the scai-xrlnc cable 
Id ••’enter than 70 d«cr*es except for shells uifh very isaall radii, 
thus, d <r /l-a. «es esmrsed «o L* constant, ibe niwti s r of electrons per 
c-bt-c c n« is a coo© tout for a p&- ticular seatUrin; rcterial* fheae 
co-’rjuwio cuz be tsisen ouvclcc t-.x Intejjyrl end the oquavion for n 
can o written 



TT 





d £ d V* dr 



rh re the subscripts 1 and 2 signify* tecpectivcly, ntednun end rrxlmsa. 
As in tl» neutron soatuirist, ©•*«.• tdon devc-lopnent , t3so Unite on 



r y t y <■■■■ id ^ aro 
T 




. 3 , ’. r . 

s.in 6 




r-f t 

cin d 




0 
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=21 T 

tC 

6 , -1 h 3 

i • cot r 



h 



<9 



~x 



e CO» 



In tho latter 
t'iO eyliubric 



l±*sii, h is ccsscicwod positive if Use bottesi cc^e of 
J. eucH is horiiSRtally Cxt vc the eourex end negative 



if tho Lotion edg* is below U*c source* 



Integra tilt.'; aid cspl^ie Uxo« lin&i* JLvos the i qjrecsion for 
in© «mjNr of rjcrio«nor;jctic cit.ju x%-a :>ov second that ere ein^Iy 
Mftt era., into Use conn tin; • ttabe voXuse* Lhic egression is 



n 

o 



y 



-A. % (5" 

> t w rn iit«»*> i »^i>»w»4»»^ c *A, »w t> 

dn- 





li i l m id thin Uic trao-: U ie ,! i&ioh 'won define*: in Use neutron 
•set Lee aj c> inti on develop' ont. A plot of i versus for various 
ic 0.vm in Ft, too 3* Plncir-j ? in Lite dbowe c notion 
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Civcs 



n 

a 



t 



( 22 ) 



the ratios R ciKi B vto.vc c.u?ir.cci in the ucvolomont of tnc 

a t 

o nation for i>ns&rcn acattGzic\.*« it is a /n, uhero a, is tUo nwaber 

SOU u 

of rao^etiosjc L'-ai proceed ajroctls fren t&c source „o the coptine 
tube* atiis 5s uivon by (16) idl& 0 replaced by S« Ilww, for 

G«* * rays, 



It 



Jr 



-ft- x C<3" 

(1 - coo d-fi- 



(23) 



and 



s H +■ 1 <&) 



V. . I, iKOUAK 






i Z.Ux'LcJjs 



Vije riatr rials vscc. in t’lio inresii'^i Hon wcro 2hi>i mvs I Alelod 
2 !iF a alxiiiiun alio;, paraffin* caskdir?, load, plywood, boruicd otwtd, 
a neutron source, aid a y*r-ic raj* source* 

Vho cluRimw alloy ms fiwrdnaeea frcn the Iowa Staio College 
liiOvrcssmt Chop, the pam'-Tin and plywood were pianchacod fren local 
coiocniQ, end the ccdKi'CK in tix fora of 0.01D inch shoot was purchased 
fron tiic Di/icion load Ccs^Dtaasy, Su® rLi, Illinois, tuc lead end 
borabed card were available in the laboratory* 

A polc^vxi-lxa^lliun neutron source was need* this eosre^ is 
cc& exinod in two rtgjit cylinders. fhe outer* cylinder has 
dJjsoriciG^jo of 1*0 inch disrjcter and 1,2b incises height. V..-x dieorsiouc 



of tiso inner cylinder, within widen the ectspco is cc tied, wore 
ec lion - ou by conparioar. with e&ttnsionc jlveas by .yaasa (-5 for the 
«■*.» type of source. 4raa, “Lie Sstsar rifht cylinder wso <#ci: f rxt«$sd to 
lia'jo irbcrnal ci^;-RSi<jns of O.t'C’ inc.i di*; xter end 0*6C ivseh hci-frl. 

lie alrcse/lh of this coerce <m about Jizsc 9, 19S'3 was 3£)0 
rdllr.cnricoj therefore, the sfiTrrytii t„c tioc of the cepcrincnt (fey 
Iff-' ) was epprori. etely llh . dlldeuries. -Iso neutron prtxlitctian froo 
a source of tide ty»« is ecticaud at 2 f jQ0 na*lron3 xtr second per 
refllle .wio co the fits: fro. t’ be source ires cpfirsHS? j-etcly t*&$ * lO^ 
mm&rmm p-r accent-. Pesa ( 0 stated th*,i th« cu, o*tw r.cai«m 
p^rdsauible eaciosurc vO poloriA* - xjrylliurc ncu ro:i3 for a : v 0 four vvk 
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is >i neutrons p«* cc nw t w csn. pc. second* Consequently , t x telcrcnee 
blabutce in tAv for tho source mmk ;scrc mk flout, 10 ;l. cl.cs. 

IJIiot ami outers (9) \.jc energy spec t.run iron a 

pole du^bcrylliun -icuwmi oo'srco erd round iiuii ilie jo&on novwroa 
is exeat .12 l‘«v* • ■rm.icci in,x>jratioi; of the spectrin u«ey 

prcoatlcd indicavou that the neutrons edgiest, by G2i.o type source nave 
an c.t ran* ejicrpy of about 3 ?tev* 

6o 

it ytstw re source • sal was Go • This source Lad a strength 
ol {ye.mrSaa - ix3y 23 pb c a Ct Isolations showed t:*st c safe wcxicSiv 
di?> • -c in uir for a h h our i.wk with this source is ell itly loss 

(r\ 

a 2 incites • Am Co \ms con a" .tied tin a piece of Scotc... tsa>c mat 
•was rolled into .be forn of c ri y.t cylinder with dir-nsions of about 
1/3 itictfi uiurxicr and 3/3 li*.fc hei bt. inis vc.3 sc.„li. 3 by aurim other 
dcotcl i-cpc t-c it, thus, t’x -oarco c.s tsood lied ccAcnial dsk \>r. ions cf 
c. -out 1/a inch diuactcr and 1 inch Ijo&j&t* 



rin-rsenv 



i.K. r&i< r pieces o. otpil at used c. x. down in Fi .*orc 2u Die haloid 
iSo Lose hoc o'dsi.fio cino icJ one of 23 inches u., 23 incluse by 2/ i’tclco 
■ici . t ami the inside canfou’ of the box lies dir erssiovio of lo Incites by 
2 .l-idaos by 2f it-chc-- iieight* txflls o.. tlic bee were i*j!q by 
ssm.bri.cbin. a !j inclssa tfcluxj c of poredfin betw xt two } Inca 
tfiiclutsecocs of plywood, • .x 'rostf of the bat was re,, jvable X ,-r access 
to tho counlir c' e. imv ;3.1cb was lineu \ith 0*110 inch c.u'.nitn sheet* 

- b idehneas oV ended.*.*, , trill c.p.urc rad; uitcly 93 psr cci.v cf tie 



nire 1’. 



jk, aii'. > i* «• ~ 

A — ..oricr 
3 — c'yjL-c. ,o 

C — «; i- eti * - *-i coiro 3‘iox n 

t — I ' o-’ .r»u sv; ■-•roc in 'O-v'Uon 
— */w,2b.‘ 01 * iicOUi . cj liiB.ii' - c 1 DAcila 

r — OjVM-.r'c>.l o.iella 

_ ; clsJi , , XX. v u. : rani ronovod 
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inci -crrt neutrons that J wya energies of 0*25 cv or lens which were 
licrx. defined jus clow neuirune, ibe ycreffiii-plywoocl sendvich oj 
ko<1ci v tin, • my Zsicasrh'i£ fast increases the probability of 

ocptnri**, the* in the cx&tLun* A hole to auceawodate th» ewraMiaf 
tube cable ’.'tie drilled throut.ji Vo center of the top of the best* Ttro 
ami! cyo-hooko verc screw** into Use to- of tl e diarsber, itso fine cord 
(«£> trox&totf cly 0,010 inch in tia *.icr) that vest usod for «m@p«dfcisy, t:as 
detector aid source vrn j.eatcrxd to these hook*. 



’.'.lx. 2hJx end Aided 26&J clMdnMa alloy we rolled Into 
cyiinchiLcal c hells by J» Iowa Slate Colic je Ins -runert Sion, Since 
aaooth shells txre desired, t c Ion itudinal junction too not riveted 
or vcldci. but s&rply iscld i<?(;eih r with scotch tuie, except .for two of 
Vie iccvlcr gag* six Us* leer t«- sc, As© to erco? ivtt cirfew«axi rnsring 
action, line cord had to be used to hole, the jonctiow, 

..'.11 of the seven ciffcnait eyliairicd shells used were 16 inches 
hifj, -hree of these, rolled fra. DljS? elumlnuR alloy o licet, had a 
shall tliicicncoo of 0,026 inch iuid a radix of 3, 6,6* and 6 incSios 
res ..cc^-’vclyj two, rolled fro® Iclui 26.1 oltssluisa alloy s v xei, had a 
shell ■Lfcbvxjos of 0.066 inch enu a radius of 6 and S indies respective- 
ly; and two, also rolled fron Ale lad 26B1 alirdnim alloy oueei, iiad a 
shell IJ richness of 0,126 inch ana a radius of 6*6 and 0 inchee 



respeeii vcly. 



for no 



lined »rapo: 



iron coeivt/ir. , 
’tiox.-l counter 



V) 

the co oiling circuit van composed of a j 
CffliHijod directly to the or lif-ii.:, circuit 
I he proportional counter tos nomdacturtd by 



of «s electronic Dealer, 
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C-oe*xrul 1 Icctric end has a <%lia&ri«el active volune of 1.2> incises in 
cliaaeun* by 0,0 inches in lenyth. 

A I'alcl 200 eealcr j%.rrafr#t«red by the Itsdi&tion Tnstrurent 
i»cve3Lo;xjeni Lseorat cry was used, Ihis nodel has a built-in «aplifjiag 
circuit and is cquiftsccl with a tin serf idlnator, a ;/vin control, a 
reactor, and a tincr. die input voltaic to the sealer wm laaintaiaad 
at 1X3 volts by a "ItablXir** type 125101 voltcyo initiator. 

The op< ratiry ckaraeixristiw-o of ujo neutron c Gitalin circuit were 
invwtti rated iiwougnly, lit*’ the vdccrirdnator set at 70 and the jain 
aid Ich or I't a 25 volt plateau of 2.5 per cent elope mm found in die 
voliare rczijo centered about 67 J volts, Thus the opevatin, vollafjt. # 
Uiucrininr.toy, end i_c . in wi« cot at those values for neutron counting. 

A ± racer lib hX;3 (miger tube and he above sealer were used to 
OMRt flume. rays. This Goijer tube haw a cylindrical active yoluno of 
1.5 inches dUs*ot«.r aund 2.37 5 inches Icnjth, 

/dodtional equiprsont included a level, a plunb line, and seal. s. 



C. Procedure 



were U.c 
until the 



procedure* finally used for counting neutrons end w anra rays 
result of cjEj-crincntdny with various shioldinf arranjewento 
nost oatio actorj areenyrsents that wore possible srith the 



eqi&prx nt 



available were dotcra&ned. 



5'he sh -.olein box, which was explicitly built for lists neutron 
counting j did not prove setlefoehorj • Jt reduce' the neutron bc,ck.yround, 
both fasu end r-lo’ > to pr&ciie., 13,/ soro, but rit. the source end 



cir sector in ti e box, iU; uc.Taw rb\* of soxiios. neutron* • retv ,-ly over-* 
smuoa'Ki lea vuluc as a sldoU a e. xm* fa^t and cloa ncutvero 
in 'li "in, on Iho o 'do o.. t s o. • ith wares j. i-.x k<, ... J5 

inches belox the detector, b x r £ ,e\ -ran count in Vx box *ui 
uppixsthaa jwly 20 tizes .he count' outsi o t'c bee* and tlx sic.; rxuiron 
co’-nt ^ a;,- r-xdLr > ±j trie 1 * if* ore, V. o neutron coandi . was 

cone ou «ide t..,< base. 

A fete cvxlkxr&wry com" ■ : t*x fees-: c‘xwgu that tix scAtocrin^ 

f:\sf b>»a .dr and tin* ream v*« lower vath the eavrec avc mad serm 

tflww aU)-j«> t « floor raW*» Varna dir«*ctly rxort to fJM floor* I.xrs, 
the <x-v> riuont&l ni oovn in I'i/urc k rco dtod* 

j3x Lieldir;^ bate, cs oKgeeiad, was found to bo ineffective as a 
&mm 2 * 3 r s.&cld. fie sliie3^in§ iwierial m&lculc include* 10 pieces 
of lead each with uiEjoncioac of about $ inch by C iaohec b; 16 ±nc.soo, 

23 pice jo of lead each with d^Anai.cr.s <x about 2fh Inc.; by 1 end 3A 
±nc' cc ty iv inches, ~nd 2 bosses c; < 2 tevo of v>ar >.■••< or .d (.vr. i-w 
about 10 irx o in tu. cunoes* 

. in i die * ,x or/ source .r- detce oar cijs^oridad in t .e oo::, tu© 
of the larger pdcoca oT 1 »J wor® placed on tlx floor c. tee couilins 
ch f r* r to urt 02 rjin» the enfcct’-rnicso of lx lead in redvei nc. the -:l»* 
rtv ooat'xr*n caused by tsx air tw-a the. root.* :Wc eld 

not noticeably reduce the scait ?dng, T n act, with W*se* vo doces of 
leal. in monition r„su ell th ' res xnlr. . carailftblo load ana tie coratod 
sand placed necit to the outside o -o bar, the oounb still *.ras not 
notice. 3^, reduced, Vherofcro, the rjgtru roy counting mm done outside 
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fi~ bor* v£ac. e a few crplo .»ozr caw iinoe-od tha* ti» 
fra W sir and roaa could be i .. • rielly reused o/tr :.2nr eiaVver- 
3U- 1 *xj$.i.c t.* e Leer. "isvxsc eiplc >•' wiy cc^ala !'• x.cs/Ux t sat i**o 
dlsirvfcG tair. jcrurcc mi delete ter v-o placed abo *c the floor gC die 
r-. >" J rwt influence o-jo vxu, :ri: ^ipiaeiaLly, era. «xX the 

so. er.'_ Hj waa reuse*. • to ii* nbax- * possible qy iusspencli . the source 
t:.s detector ^ast alxm 1 ;jo floor with all t e avaHeblc j x-ed placed 
bclou tMk h» Lee* arrer.. nwst was icarsd to be 1} Ixkx- 0 by 15 
inor* * by 16 Aweh*© of load ecu cui directly raider <*..0 co- inter cal 
s coo tflto iho x'arxirduf, - our lar yiocc of load placed flat cn the 
floci'* on© on C3G.1 o. tJ» foo* sisuev. of His central errm^-vnt ca 
S t • t.w 23 mh.U.< r pieces of &r- - in Hr opnc«= betx. n dhose 

vat • Mboclx* 

..ie .-otlod of c ropers. i;v, Utx- course end detector for ,. ... ray 
cotu* w*b oir&lhr to t*»Cw ,-r -m la «*i£t3X h a oejvt, o.. cawrw, u» 
go' 'cc ~ x aotector wore our -.x .a a . dtion cloccr u * v £lo « 

•11 t.nc neutron crnsi a, vivii t.se -vx-ptlon o. 1 . ano fcacdjroitxi. 
co*-nt tad 0-0 ether count mao to irsif. rm.u the cuntxr of blot? nevv-rsns 
beliy;, oeaud rod It t..c air and tlx roan into the detector. were totem 
v Vb* he detector covureo with 0 *j 10 Inch of codcdix* ’’..do thicbnecs 
o' eidrSan will cKiUca *„w3y 98 per cent of He iacidwi* 

:»i 'Vow that save terji. j of •'*2, er or loss. Since cry netteron uilii 
aa • mrj, /ilj.ifer t«i«n t:d,s considered vo be a fact neutron* Hie 

< te» n vat • the cxiectcr co.ored due to fast no ■ vt*onn* oal/ 
fact rxntron cotr.ic i.crc -d.cn because \ rsict.tcnlly ell t*. neutrois 






cartetoc •> eo'-rae of tide u/y* &re inert xiwutroiia;* 

Si-'.GO the rsemlu; o“ thi s in elect ccjxsxk.d to a ^roct 

07. tart on line ccrrectsiea* ant. a'^Xtcsai-toQ of ^ocxjc .riccX trraancos . itc, 

every •£ ort van nade to accxvo cv.cn coxdiiia.r; Tor botk t\« ara-crow 

sexd i cma& ruy msMmmmu^c * £1M» procedure in ere cane true i^rviecX* 

... iO cc'ui ^2.' i tube tro cv •ended Ly four pieces o fine cord 

Jj arcly 0*01^ iten in eVm ct cr) vfcian tfere fastcawi to four oye- 

flocks screwed into ike upiwr oic.c of U*o crc.c btr oi t.»*. suoporuion 

4 HfWfcfnc« -.lx, cards vcio oc cured rut a nanner that tjould alia*a tte 

dLstcnce botucsai tLo octc-ctor ou* V» cross bar to be cdt’acr shortened 

ur loij‘«iionod by stilly ttnulAV bho cooto in the proper direction# 

file .>- u.oa vxn flso anew to ^rticelly alien t,<e couixviix, tube* ZHm 

dir u*ssco ootnoca the top o - *. fxetive, rolurso of the countin to*,c 

csl tic* loan bloc‘s in the oucv. of cyaiaa ray couriuin^ ox- uh© ii««v lor 

Jioldin,, tit; cylindrical u- jcUi; in 12 a. ease of neutron couxtint vers 

©tovfully nearrured with a mkMuitIiic otic!;* vertical all rarjent of 

i.* counting tuba van electee «.-* l. c, lever aid also by sri^itirij olee^ 

a plirf lino iimt m» cuspadsod. behind t. * apparatus* fie tec.: .rouavl 

counts ur nauo Kith * c cciuwijy tu.v.oc cuspoedeci in tils position* 

I he source van suopexxkxl <j«JUkj tl» detector by a piece of fine 

cote tv.de h \x&> facte iod a v ce« * and to another piece of cord diet •sue 

pieced mmaaa U«t c elector Jus t ixm. its bettors edge# £k ten nusce 

te between the wourcc end tlx© botiai of th-c cc Jvc voluno of tjo 
5 

detector vee i cured «^nu then c ccted 1$ neasurin tl c ©is -« *rcp 



the coiu’ce to t. o loed blocte iu inc case of jr*#ia ray coxmtin^ oi’ the 



la 



v, 'or holdin the ci a .clle in Use ccoe of noir-ron 

£?n* roan mrr 'too ' x?\ front t*© vertlCAl nid-^o&iTt of i t- source 
W ■flStMCiccl from tlxi dimmlOM i/eu ’ ’2y* <e c ada of U© 

92RKP9C below t.'» ©tecto- xe© chcoized b* placin ; t: e level verl ! colly 



don- tie delator co '.•*! ft oro^ocUr ©t the position c* «1< oourco 
w£ V. v-'i r< ■ rorin tl* dor: • 1 •■...• *x» from the level to the source* 

/ -tsl . x'ey co“ "it Gift noth » lent end. clou neutr© \ count wt-re . salte 
vT ui yud the octree end fleeter In petition. a© counts mr« «Mfc 
for <■-•> t* -elec of h (J csot. «*?, u>*n eorrecfcct ..or the sea* Vrisf caused 
\tj Use {Jr * d roe*, tree t.tr ommtD duo to the reulcicai •eld- 
proef cctly iron the ton ce to the u* toe tor* 

f o detan'drx. •■•t cosvtt u<n are cu'<oC'‘ t .o ewa of be 
i*. • *; •’an ■ w ?t proceeds • cn*' tost that is scattered into tte 

d- taster by t!*> olirfrr^i alio cylindrical nhalls, the « jcUd were 
portioned crown*? •.«, ocruce rj-*: 'elector. canter li © a.’ vr»« 



Bisells I '-X tc coincide iJt Uw center li.ie oi tie .•ecvor* 



cli^n- 



• sent M .33 cljecSsed by rxeetr* •• « c eiattnou frar* U* detector vdl to tie 

stoll rt vnicto •ociti-r - -t < cr.l^iiciy o tie aasll.* .Xavier- 

mv, the u hells '.•ere ehcc’r** xfth t’ © lc*rsl to daU.rr.ine their 
vest: •*! cllsjaacnt* hhen tc ne i»it» cktecior ■was co ar«d vith asdfclxu 
this netbod oi. ixoaurin • cron'k The per&pljfiry of tL*e siscll could not be 
followed, therefore, fx seven different c^lirdricil a.cllu usod were 
poo ‘fei once siti t/«* ncutrttj detector unco - -red, sid^blc- s-nr. t*/- *icro 
•xsdn on " 'doe* o" * ••-m t r.l to the anus u tliat 

o’ or 1 t’-c »• 11«, rot ' •-i»- . fiii. o er* tUen uoocl for »o© tl '\j t 



U2 



the shells vnraa Uio detector was covered# 

TlJx. wyBien of pocitlonin. introduced t^.o possibility of 
wxletfedSM) horlxoKtftl rxvc. » nt of. - tc alljuncnt pojxxr, the stand, or 
ihc d«it- ctor, or the. posoibilii/ of the detector and source not rc xin- 
ir-g with tlw urue vurtic.l* An c.tt*s-*t jade to elSMnutc 

these pcesluilititc by ashing Use ansratws coaceraot.. a* secure co 
possible# PurUiDi^Tere, to bo cure that the cooeotry reraised k ie sac® 

** r% 

d-trio;' i'xj counts, the vtrtisel a3i.jiMent of blie Ij tvlxj was chcefced 
before I« was cowered and after it was uncovered and of- r the 

counts were iafoei the nerhin. i on the piece of paper on tie stand wore 
oheebed by placing «i of too cylindrical shells in t!ie position 
indicated by the raridln. ;c end ^ oe w ci nj to dotcrcrinc if the stoll was 
s cill centered about the act xtor and Bounce* In all ernes no 



horisai-al novewent was detected* Of course! tills die net exclude the 
possibility of cowperusatirt; oowieato occrurriaf, but such caMmiSone 
were ill/ inlifcely* 

d.n counts ixicrrined i y wocitf onirv; each of the cylindrical 
shell# aJxjui tiie source and tae ttoU-cuear i?er© corrected for tuiu soetxr- 



i«£ causal by 1-Iie sir end ro on and Use insulting count was that cue to 
the sin of tlie rtufetion ecautcrod into tlx Oct; ctor bj th© chcll anc 
t: • raribiticsi that proceeds directly frcci tlw source to tlx* detector# 
o correction woe iaa.de for the ceco xLry effect of t ^ roon or dr 



coat i-crod radiation, which : mticll; rottmctl to 



countin 



tube u*on 



tlx cylindrical siKill iron not in position* being ocr.ttcral fare:, .. ron tlx 
detoeuor by tlx cylindr cal & .ell wc.i it was in position# 
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■ 1 . . ■ 



.Mm M • -VJ 



\n 



i. bcviron Soelurli ij 

the «sp*rijaDRtal results for neutron scattoxdix, by tho alisdassa 
-Hoy cylindrical shells ilu H-U. In to Lie 1. *.io ttolto.r~r.ee U-tuxn 
the first too counting rate.? listed "or uot„ h equal it inches end h 

5 5 

c itrJl i inches is Hit* count: • ra c doe to clov. rareirccjs, fur 3 incise 
t to differ*** is 27,3 1 1*2 end for it incises it in 23'.? ± 1.1. 1 h»B t 
the clot; neutron countin'" rate r-i *4x51x1 practically cor«otant Kith t.ttse 
too source positions* indie a ii: toiat all too olov neutrons reae:ton t , 

lie detector ware the recralt of soatlsriiv. Xtj to* sir end room end that 
none of tho slow m* -irons are is -used cirtctly by toe source, 

i so fast neutron cotsnte Iren in fable 1 I .ad to l* coivccued A or 
the acr-v -crin ; due to the eir a: d rooru In nw&ln , this correction it 
-to jiv ed toot toe number of f«-ut ncutrann scatto-eto by . ■< eir end 
roar, into ho counting tube t;to sot influenced ifi the alx-in»« cylindri* 
eel cj&Ila belli,, urcoont or by a s*teH rcvtaiawt of the source # 

.he rr. yiiludsc o£ die eoxTvci.'on ccs be crlc-fLited iron the 
farrjuls 



K = R r +- 8 

-F 3 'r 



ijc.u.ron comic 



Cylindrical 








S-JOll 


Count!**, 


Del 




uirsoncicRB 


tine 


couTitinc 


lx wTCSGC 




(vdnulec) 


rale (!) 


counted 


r t Is, ( iK *) 

h 




(counts 

per 




(in.) (in.) (in.) 




Minute) 







none 




3 


ho 


1*3.6 1 1.1 


feet and elm* 




none 




3 


00 


16.5 i 0.5 


fact 


3 


0.02> 


16 


3 


60 


16.1 ±0.6 


fast 


U.$ 


0.025 


16 


3 


60 


16,4 ±0*6 


fast 


6 


0.023 


36 


3 


60 


15.3 ±0.5 


fast 


6 


0.961; 


16 


3 


6o 


17 .2 ± 0,5 


fact 


0 


. u 


16 


3 


60 


17.1 * 0.5 


fast 


!»♦> 


0.126 


16 


3 


(fj 


IV .! ± 0.6 


fast 


u 


0.126 


26 


3 


(JO 


. 1 0.5 


fact 




none 




U 


ho 


35.5 - 1,0 


fact and elm? 




none 




U 


60 


9.7 ± 0.4 


fast 


3 


0.025 


26 


1; 


60 


10.1 to. 


fast 


1;.5 


0.025 


16 


h 


60 


10.3 1 0.4 


fast 


6 


0.025 


26 


h 


60 


9.5 1 0.1; 


t* 4\ 

J V 


6 


0.961* 


36 


h 


60 


9.9 to,!; 


fast 


C 


0.061* 


36 


h 


60 


9.9 tO.' 


fact 


h. r ; 


0.126 


16 


h 


60 


n.7 to.; 


fast 


3 


0.126 


36 


h 


60 


10.2 1 0.1; 


feat 



vlvro IV, 




io the usty! fast/ n- vrtron countir._, rate 

is the feet neuircai countin j rate hue to those, neutroHO 

prooaec, directly fro the source to the dctvctor 



T 

Vv 4 a.i* 



R 

. i 

'l 



is t i fast neutron ooura.irt, rata vine to those ic-trone tiiat 
arc caaitcrof bgr tins «iir msL the voosl into the deleaver. 












. 











* 












Ac tiic ulcutiM li Lct“,mxi ■*&> oouroe and detector is chs .1 td. 

5 

fi* uHl vary according to Ebm-lorx (36) • This e<r -lion is booed an ti» 

h? 

acc-v.-')tion of a jKiini souj’ce# Gaieufa ^tccio zxode by replacing t-«c 
matron oourc© need hero uiUi a ectioc of centrally' located point 
no? zoos aaoocd that tJrto a®3«»9%toa is still valid for values of h r , 
o<n«p.l to 3 inches and h inches* 

"he. ratio of IL at h, eoual 3 incises to IL at h,. ceual k inches 

% 5 Sj 5 

is ‘L .CSS 

(b )3 - 1 - -■ <h 3 

(%k 1 - ** 



re (M .p ^ is calculated .'rasa the radius of the detector end tJso 
blotanoe h.,* The ratiim of the cetector mod hero is Q*CZ*> inch, so 

h 

that the above ratio io 1*7$* 

ITowr 





Mr,* 



n«d 







v„;c iroj o~ 




v-oo c." ,j& .Ji-nr. by Ji© latte r, 
, an'" rccrirnJLnc results in 



£ 3 a 



ho 



St totiit 

<x ’’.avion 



_or 



the ratio 



lolilc 2 



Vest neutron countin , rater cori’ccted for' air sux’ roan 
scecierinj on<3 total .cue scelierin ratios 



nisDll 

uin£u«ri one 






v t 

(in.) (in.) (in.) 



— asr- 

countins 

1’2.40 (,) 

(counts 

per 

Minute) 




(court • cc^»e ri- 
per rxsital 

nin»ie) 



taco- 

ruticxl 



none 


3 


16- . 3*0.3 


13. *1.3 






-> 


0.02 2 


3 


if .1*0.3 


13.1; *1.3 


0.973*0013 


3,02. 


’i .3 


0.023' 


3 


1 .3-0.3 


13.7*1.3 


0.993*0.216 


1.013 


6 


0*023 


3 


1. . * .3 


16.1*1.3 


1.020*0.116 


1.000 


6 


O.O&t 


3 


17 .2^0.3 


36.3*1.3 


1.QU4*0.32L9 


1.0 20 


0 


0.064 


fi 


1? .l £ 0.3 


16.3*3,3 


1.032*0.319 


1.010 


b.$ 


0.126 


3 


17 .1 *0.6 


36.7*1.3 


1.03c *0.3f0 


1.067 


C 


0.126 


3 


36.6*0.3 


26.1*1.3 


3,020*0.396 


3,020 


none 




9.?*0.u 


9. 0*1.3 






3 

h.$ 


0.023 


h 

*•* 


19.1*0.4 


964*1.3 


l*0^1i*0.2O9 


1.0k7 


0.023 


h 


10 .3*0.4 


9.6*1.3 


1.067*0.211 




6 


0.023 


\ 

4 


9. 3*0.1 


.6 *1.3 


0.967*0.200 


1.0X3 


6 


OJdfh 


b 


9&*0 . 4 


.2*1.3 


1.022*0.203 

1.022*0.203 




0 


0.064 


h 


9.9*0.!; 


.2*1.3 


1.016 


U.3 


0.126 


k 


11.7*0.1* 


n. 0*1.3 


1.112*0.200 


1.115 


0 


0.126 


h 


10.2*0.1 


3. 4*1 .3 


1.0^*0.209 


1.035 








1 

P M 


•*(S)± 


J\ ) 

V F 0 










i v *£ 


0.73 







alien, 



upon aubetituu'.^ Lhc feet 



neutron eoiattinj rates xith- 



om, o e„ liodric;! Stroll in pool lion lor the t*.:o vein 
u*»ve a Volt© of 0.7 - 1*2 cornua pwr Hirsute for it . . 



Cli of h r , IK5CX., 

5 

the feat neutron 



countin rutv-s corrected for t- is scatuerin, art* (£vui .In fable 2. 

’Ib© Vt..luc of h* is 36 inches for ell eh* c/liixiricwl s' ells, lereforc, 
4 



U 7 



it is not Idled in tltLo tsi Ijq* 

T,t& e:qrrinc«td total t it*: Iron scud rb i ratio© X , as <lct~rrAn&d 
fcy dbvidrv* each correct cl coivtm,., rate tairn vith a a liiVtr'efc'l £>-<£11 
in position b~ the correct or co dinj mtc \: *sn no clicll muj in 
position* Id also listed,, V ic lust eolum in ratio 2 lists Die 
Dicorcilcd value© of which were oca rrctoc by v»i» v . iyatii.on (XG)* 
Ary coPt»ri8<m of the trq^eriwital results iritb Die t' coi- tied 
vdxtfB of n \rx is* one < bio due to the statistic d deviatioro in tlao 

4h 

criers enud vdiuo. ids lar t ,o chit ’died deviation ic for MMt noct 
port cc ned l>y Die deviation in tlsc counting rate due to the ccal^-crinc 
£xm Dio dr ;x tks room -v:r t possible effort jcs node to rodi-ce 
tie undated scutt riua to s 8 diici;' cally ucjc. taols level, however, 
these efforts uc re not eucecodd. 



id Gar * " 2m.'. cia, 

he err crhJLiilal read-© A cr tro if y scat crinf, 'ey Die elurdnm 
•Has Cflijsdricd s’ ells ere list- < in I able 3, .dice k io K$ inches 
for ad the o’^clls it is not 15 s’ d in tI*o table* 

the net eowntinj r aUe licte*.* in t;# X'jSv eolurui of idle 3 *md 
to h cor -oc usd for Di& sc; v- riuj in to Dio air u*l roo . * Is 
correction was ude in a •/»•«*> r identical to tha*, used /or the 
cc. recti cn to the neutron courddn. ratee* The ©as a ray source iris 
u>v.ch smlkr in dinmeiano Dvran Die neutron source, thuo Die riticn 
of r point source, as is re*. -.lb’s.' lo t^yly irurtion (!') d valid* 
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Cable k 





OSWMC. IV., 


COTXT 


Lin;., rrtw 


corsvcUXl - 


.or air oral root* 






scat _d:i 


and 


lf*o v *c.' & 


n re v oeati 


^rirx; ratio* 




C .'lint' 


Heel 




llet 










GlaCll 

clljcnsioae 


ii^ 


aenniinj 
rate ( ) 


T - \ 

y 




p 

“*? 

y 


h t 

V 




t (: 


In.) 


(counts 


(counts 


Cu3\j 


xri- 


tiico- 


r 


per 


per 


nu ni&l 


reiicc. 


(in.) 


(in.) 




ninutc) 


n Inutc) 








none 


4 


4752 ±31 


5570 ±51 








3 


0.025 


4 


4823 ± 32 


4o4l ±52 


1.013 


4 0,039 


1.010 


U5 


0.025 




4653 ±32 


1*071 i 52 


1.025 


±0,j39 


1.005 


6 


o.o& 


4 


4790 ±32 


4016 ±52 


1.012 


±0.018 


1.007 


4.5 


0,126 


4 


4V8±32 


4093 ± 52 


1.031 


±0.019 


1.024 


0 


0.126 


h 


4051 ±32 


4069 ±52 


1.025 


± 0.D19 


1,90? 


none 


C 


2 5:? ±17 


1005 ± 44 








3 


0.025 


6 


2665 ±17 


2903 ±44 


1.055 


±0.03-6 


1.023 


1,5 


0.025 


6 


2605 ±17 


1323 ± 44 


1.010 


±0.035 


1.010 


6 


0.025 


6 


2620 ±17 


11.2;. - 44 


1.013 


±0.035 


1.006 


6 


o.ca 


6 


2650 ±17 




1.035 


± 0.035 


1*015 


8 


0.064 


6 


2597 ±17 


1615 - lih 


1.006 


±0.035 


1.900 




0*126 


6 


2731 ±17 


194 9 ±44 


1.000 


±0.036 


1.052 


8 


0.126 


6 


26u3 ± 17 


lo6l±44 


1,031 


±0.035 


1.016 



Jt tree fiaois Ujjtl iik-. ,*.luc o* <tJ rsncliiod co» Hit vita or 

y 

vVweni . e;'iL ; ric 3. cl tell csi closed crourxl the source end detector. 



11?- cr*n rc^ counting raur cor* -ootod for P.. f arc.- lie xc. la Cubic 4* 

Jf 

r.'O k x* rteani 0II7 dolerstltjcd total v cia rar sc&tccrin rct-oo cro 
also listed, Clcee ratios t* *e c.*JLcilc.v&.. b. c'iridii^ Lie car. voted 
C&- '■ ttv coicrtiiC rale if iii a c; XiMdrib!.! d -ell tin edition fj 16 - 



CO 



ccvrttfai • rate view n . 11 m*.c in ositioa. 1 c if urettcUl 



vinca oC } calculfd«d iron 1* crtbjn (24)* «.. c Hr wad i ukj last 





























. 

. 
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c lu 'xx of Table 1;. 

to e.rraliwndon o.* t.io ri« n4.I -v uluers of . Vi aiows that in 

y 

oerlftln » t Ley tend to nuwori the theoretical values. * owever, 

tlie C'diiotfccl arsis trows in tie eap^riRcn'Ul values are too brood 

to : 0 c any positive CGBperfson Ik Iwj» tacn and vhc theoretical values. 

/or n .-ice, with the c, Jriur.:cul e,*ll of 3 inches rcwiuo c d 0.025 

inch shell t'dclajcso aod aith ©quel to 6 the pcrco.-tah-c 

5 

Vv^inoLoa between tise tl»eorewic J tuid dto e.qperir nl*l value cue found 
f nor the expiation, 



(-v ^cx.pci’i- * '' " v j Ly Klico- 



p„ re* ntajc variation a 



aliiL 



>v^ ' p.r 1 

^ V V.. -A.H 



5 theoretical 



X 100 



is 3«12 *3*52 t .r ni« 

/s in the cv^rL era:! xo.-ul\s for neutron cc&ttc rinj, the 
p-^ettoninant contribution to large ocvic cions woo the atk-ttoticel 
variation in the calculated courting rate duo to t':y air uxi Use roan 
sc-' tv, rinj# lids wee reduced to the lw»« t possible value nit,: tin: 
or 1 ? at a.vdlal lo, but as i u &ri*lent it voj not red ced enough* 



C. Gkr/ral l'tscueeion 

It io ha lie. voo taat an a x,rii5cnt*l preceded c wkich will give 
useful results con be £®vi-«o»' <’or .easurl-x , cl.e rail lion sec.-., rod 
by altrtlrrvin alloy Cj-lhxliual sxiells* 



In cese of ix', cumtin , a detector ir. th a Id ixr 



effScic-oc. a or couitlrs, fart i c- • vrc*r> or «* stm ' r oarco or a 
ocr ••i.vu o.x o' t Jose tuo w /'"Id :» ncr'x c tl<e procnbilivy of sccuri.ig 
useful _ .silts, lor jsum rt . counting o tek&nt: of Ion cr counts 
rxi inr'iivo .V result;;. low/tr, -It Is ciill a probability that tlio 
ccuiecriy, caused by the air • t< rco-i ..auld be tec pixh.or.irx. If ny 
factor in Use statistical .-orciT-cy. xi* this is found io be true, 
an,/th*x* nciiod of capsri: > utXlj < • tenlnl-y the settvriry ocuead by 
the, cyildric.l sialic wools 1 c . cclrctfL. 

n an:/ rocr , tsic weaxtea'in , oosooti by Uw eir aid the rocm is 
staoiul,, v-x: to tie latvcr. Vb , c in ical conclrcion i* to oil. JLiatc 
ts.3D roar. -&s «• be «k»u by v ivin; t. o source, eetoclor, t 
cyUrxiriccl a .ell frot , s^ r , a guide trLre of a radio toner ox- cone 
oihtr ex Her etructurs os wm dax by Glasgow (1). If ho cr> ri- 
reiitai ; ytitwa is sano Uiatcnuv ftjow Ux ground and far enou-J; susy 
fren -M tower or Ovii. r ^ tract ire, tlx sysu 3 is scasn tially in on 
infinite sir ■ vdx and u.c only a:wx'<eou* scat Lor could be fren the 
air. 



Is a furl- . r refiner ent, , 
...ion for radial' on sc;. 
the scat caurod by v’ c> ci: 



••* ec* actions developed in libs 
. ;.e ri^ n could be rxdi led to i. .elude 
r. blaster*: (1) cave c: nation for 



sc j! 

(5) 



rb- ; of nenirenn ir. an infinite air ncdiuri and fle.-ct aV. Col cn 
xsurtod u'i e • nation for u*n.- ray scattering ly an inflrdtc 



nedim* 



£2 



m\ C' CjbUBXGB li 

i'he erpexdnciiial rcvullo* alibouj*. t«nd3 at, t-o cir^porfc U» 
Urcrcticjl ..onrsa ray ccatur.’:a calculi iio:^c, did, not prove or 
disprove the analytical irrv? ti^-c uioti results . 

A ore elaborate ucp- rJbartML ays ton and procc m and a ttare 
efficient fast neutron detector or a otrea^ur source ox* both would 
probably be needed to occur© » isful •epor&.x fttal roovl.^c* 

iliO ncetU.rln ( , of nculrom’ n.vl ijm.nm. mjo bj eiic «&r and t-se 
roan vw tl»c "rooo’rinant factor in producir the largo cir vict&cal 
deviations In uhe ooii’octocl countirv, r&ton* Ujcco cUtisticul 
deviations wore the . s 30 •- o«xso of Use poor zoffulto, alilaouoh the 
low miriron coin tin- j rates Wfm a contributing fox; tor* 



S3 



VIII, HI -V't 1 '.. C luV 



1» tlaojCR;, D« *»« deutron ccatterLv fra., tkc tmlls air of n 
Ijeoore.toiy, y^xsblsaX, Vaehii*.ton* l!anford Atonic lYolucis 
Op; ration Htf~32986 . Juno S', 19$&* 

£* 1 aset, 5. Scatter!**; of r*y* and neutrons* Couijlas 

Aircraft Carrwny, Project » vs. .eepart lAb-196* April 99* 29^7 • 
(Cr*s^ind not available or ^ujojintionj abstracted in Audi or 
Sconce Abstracts. 1: Jfc9* l?i;C.) 

3. dlsxrot, '•» 3, and oib-ro* ilffcct of enree end shad** r.Jdcld 
('oocTet*tr on the scsttorlar of .or a rays. Douglas Aircraft 
Cor.j^rj) Project . nd ,c >crt At -236* February 26, 13i}i. 

(Criminal not available for - ad.natd.csnj she traded in Ihtc&aaar 
Soiree Abstract** 1: 1>3- • 1?1}G • ) 

h* Hinc, 3<rfJLd J* #.n<. ItCall, Meherd C* Gsma-cs^ back- 
fcattcrlfi* * l.ucloonic- , 19: 27-30. April, 125!}. 

5* Please t, If* 5. and Cohen, o. X* Scattering and *2»eorption of 
jj^-rxa-rayn . Journal oi .* ■ .'lief Physics* 22* 350-3 37# 2931 • 

6* Also al:*d.:nw and its allo,/3 • Pitiebort, Pa., Xlm&mm Colony 
of America* 19a?. 

7* llae3tane, Saraucl and dHtid, I tutors. C« ihc element® of nuclear 
reactor t cory. Wm fork, L* Van is*tra«d Company, Inc, 1932* 

8* Jl&usa, b.-rold J* Gsrx-a deco z~ u frau a Po-ie source. IfacleccrLoc* 
12: 62* February, 19&* 

9* Uiot, J, 0. and o1iu.rs* ' r epecimaa of neutrons fror. Po- 
«• Pbycioel .ieviaw* 93: 13!.}. -1349* 193?}* 
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HJ13 



iy thenfe* to 1’r. Glenn Kurpby for his oidginol siij section of 
i’lio jKX'blor., for t« o (pxj&ance and help ho gave <*va£ik. our 

asrsocia lien at Ioi;& Siax-o College, mad for tie loan of certain 
epparatns used in the oc^rirxmtsiX pari of this irrrestigetdeau 

I would also to eoqp e oe t r m& ^opreclation to Jr. A* F« Volet 
for Ida loan of certain apparatus and tio sources wed in this 
Xuvc jtij ;ati«u 

1*7 tjork at Iona State College vas ii» t.drd end final year of 
tlio Aoreimuticel JnciiMxring Ci rri culm of the United States iJerol 
Posttyaduate School, Konicroy, California, therefore, 1 nould like 
to oppress ny appreciation to the Naval Pootgraduate School for 
mmk at love*. State College possible. 
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X. 4j^.!5iXX 



A. S:-.R|»le Amlytdoal Copulations 



ft* avcreje v&luco of the colid arc3*-a subtended by the 
detector wre calculated by rainy ftic&llona (11), (12), end (13) » 

'"ho rasutron detector uood in t is invest! 'otion lies an active 
volume in t:« «t*f* of a ritht cylinder Mitfe ill— wiw of 1*2$ 
incite diamoter and 0 inches .seight* lima, for this ec tootes* tie 
value of hg is 0 inches, a is 0 , 62 $ ..nchos end d *tdch is a'ual to 
( 7T o.)/h is Q,k91 inches* for 'ids calculation a cylindrical Shall 
with & 3 inch rat'dua assd 16 inch Ixi ht 12 ns used* Tho valuac 
as iyned to hiicro 0, 1, 2, 3? ........ . ,1b, 35, 16 inches* Equation 

(11) \ma rjsed iritis mlsac of h fror 0 through 6 inches a:v. illation 
(12} wm need with values of h from 9 through 16 inJses. Tor h 
ecfsal 0 inches, substitution into Eqxiatioa (11) gave a equal 0*392 

V 

Md, for h equal 1 inch, -rt. equal 0*339* 

'. c value of n. -mb thus dcter.t&ncd for each of lata 17 valaaa 
aeafyied to h &or. tJseae jl'c warn then g uawad tisiny Equation (33)* 

Por tills particular eylindrioel shell end detector, a ms loir* to be 
0.X? stcradians* Thia value is plotted on the upper curve of 
rinuro 2 at r/*y equal 0*lO?S>* 

’flbe factor ?I tiiich is plotted in Piqure 3 -was calculated sssino the 



equation 
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For eru&l -30 cojrecc ml 8 equal ?0 tk.^'oee, substitution. gam 
H o _ual i.2C5. 

-lio theoretical valuc-s of F r , the total neutron scat xf.ii ratio, 

ere calculated mtritf 7qmtion (X')* For tl&o sample cerpufeation & 

vuI’jo of 3 indies for Jfc-. smd the cylindrical shell uith 6 indies radius, 

z> 

0,064 incii shell t'lickncsa and 3/S i/.chas .seiqht Mi selected, Th© value 
of a for this corse try and el« *fe utron detector used was taken from 

FI yore 2* This value is 0*159 ctcracdeno* The backward cn^le (3„ for 

o 

t'lio | »w »e trj is -39*0 degrees end Me foruard angle (3^ is 61,1* 
decrees, thus the value of H m ; .lvcn in Figure 3 to 2*12* The acen 
free path for scattering, /L wes ucouHed to be constant at the themal 

w 

value tteraagiieut the energy opectru. of neutrons cai led by trdn 
source. For the clad* dag **•:•* oh is 5 per evast of the total thickaseo 
of t.iG sheet, A is 11.76 eu, a.d for the StiSf cIukLoub A,, is 10*6 
ess* Hr»i A 3 for tl* Alclad 2h8T is 0,05 tiiaew 11.76 tau pits 0.95 
tises 10*60 cm* vtd.cn is 10.66 csn, »ho detector ancle (3^ for this 
detector and ccassstry is 11,75 degrees, Su otltuting these values into 
taxation (1C) gave li, equal 1.03U. 

Equation (2ii) was used to calculate the thcorcticd values of E t , 



Si 



tue total ;j mm i' 0 .~ scau uriiic, ratio. For title o«~ .>lo calculation* a 

value cu h inches for Iv «w£ t.;o cylindrical shell with 6 inch radius 

5 

0*06ii inch shell tdJ-cJsnaes :«ac* 25 incises height ms selected * Ike 



Ocicoxr tube hen a cyiim<risnX aeti vo volurns «f !•!> inches dlaneter by 
2.37 S inches l*»£th* £h» value ml -a. for this gecnetry, os tmtmm fron 

Figure 2, la 0*052 stcrtxlicno* 

Assisting thru, the enounb of irspuritiss present is one-lmlf of the 
HT»Jwr > 3 n , the nunher of electrons per cubic ca.> for tho 2&ST 

C# 

21 

elifflxnsra alloy was calculated to bo 0*02 s 10 * and for Use clad- ing, 
23 

7*93 * 10 ♦ Him, the weir-hied value of n io 0*05 tins* 7*93 x 

c 

°3 °3 

10 plus o*90 tines 0*02 % ID widen io 0.02 X 10 . 

...e bcohuci'c. angle for this goose try io -5i>*0 degrees and tho 



for. s*u antic 
3 is 2*17. ? 



io 1*6*7$ degrees, thus tiie value of H es iven in figure 
he detector wsglo fox* thin reoprtig i* ID *6 decrees* 



io a 



flic differential cross section d d* /d-n- for csrrsc. ray scattering 
f unction of both Use gcr* ray energy end the angle o'" weltering* 



ISovcvxr, it wo previously assured t at a constant vu lue could be 

used for anglco of •ec.ttcri’v; greater tlxrn about TO degrees. Plosset 

and Cohen (5) precc? ted a plot of d cr /d -n_ for various cam* rr.j 

dv.rrgicn and angles of sc; tiering* For 1*02 Kev gar— a rays, the 

average mlm of d cr /d -a. J^s* sea Lterifi^ angles greater than 70 

degrees is 0*39 x 30 " J per electron per ocnare can and for X*$3 tev 

-25 

Cvuvui :ayo it io 0*6u x 10 p-. r electron per souerc can* 

6o 

•-./cr.; disintegratiori of a Co nucleus results in the exile sion of 



a enounce of too ommm rays, t » first will* an encr ;y of 1.17 Mw and 
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the second ct til jsi energy of 1*33 '-»v. y coin, straight 1±.*£ iatcr- 

pola .ion lx- txA.cn t«c two wilnefe of d <r /d-o. given above, d <r /d -n_ 

-36 

for t!so 1*17 rev ;arwa r*yo ■yen found to be G.,2 x 10 per electron 

pe .* s»ucre cn. ani lor the 1,33 **r flM c says It x?ns evaluated at 

, -2 6 

0,7a x 10 per electron r* r sguara cn, Cine© the ntsabor of gar. a 



ray® ic’-iod by the ooxrrce arc oey.xal for each of tbe two energicG, tiio 

JKml value of d <y/d -n_ «rc c; net by mOidplyinj each of the two 

mil* n or d<r/dx by 0,5 «»ci w&ttag, Tfci* d <r/d-n- used in the 

-26 

equation fox' R is 0,?^ x 10 per electron per oc-unro az« 

v 

1-iKStituiirw tilt cwartltiee cvaluatad aboxc gave a value of 1«006? 
for . , 



